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General pedigrees are very common in farm animals, and the recent availability of large panels of SNPs in domestic species has 
given new momentum to the search for the mutations underlying variation in quantitative traits. In this paper, we proposed a new 
transmission disequilibrium test approach, called the pedigree transmission disequilibrium test, which deals with general pedi-
grees and quantitative traits in farm animals. Compared with the existing pedigree disequilibrium test (PDT) and general linear 
model-based method QTDT, our approach performed better with higher power and lower type I error, especially in scenarios 
where the quantitative trait locus (QTL) effect was small. We also investigated the application of our approach in selective geno-
typing design. Our simulation studies indicated that it was plausible to implement a selective genotyping strategy in the proposed 
pedigree transmission disequilibrium test. We found that our approach performed equally well or better when only some propor-
tion of the individuals in the two tails were genotyped compared with its performance when all the individuals in the pedigree 
were genotyped. 
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The recent availability of high density SNP panels in do-
mestic species has given new momentum to the search for 
mutations underlying variations in quantitative traits 
through genome-wide association (GWA) studies. Popula-
tion-based and family-based designs are commonly used in 
genetic association studies. Family-based designs have 
unique advantages over population-based designs because 
they are robust against population admixture and stratifica-
tion, allow both linkage and association to be tested, and 
offer a solution to the problem of model building [1]. 
A classical family-based association test, the transmis-
sion disequilibrium test (TDT), was first proposed by 
Spielman et al. [2], for disease traits in studies of nuclear 
families with one affected offspring and two parents. The 
idea of the TDT is to compare the number of times an allele 
of interest is transmitted from heterozygous parents to the 
affected offspring with the number of times other alleles are 
transmitted from these same heterozygous parents to the 
affected offspring. The TDT has been extended for use in 
studies of families with multiple affected offspring [3] and 
families with only one parent available [4,5]. Most of these 
methods have the common feature of comparing alleles 
transmitted with alleles not transmitted from parents to the 
affected offspring or with alleles transmitted to the unaf-
fected offspring. A limitation of these tests is that, although 
they remain valid tests of linkage, they are not valid tests of 
association if related nuclear families and/or sibs from larger 
pedigrees are used [6]. Larger pedigrees include more in-
formation on population substructure than nuclear families, 
and a test using larger pedigrees can use all potentially in-
formative data, including related nuclear families and dis-
cordant sibs. On this basis, Martin et al. [6], proposed the 
pedigree disequilibrium test (PDT) approach to deal with 
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general pedigrees, but, until now, it has only been applied to 
dichotomous traits. 
Most traits that are important in agriculture, medicine 
and evolution are complex or quantitative traits. Several 
approaches have been developed to extend the TDT to han-
dle quantitative traits [7–10]. Most of these approaches 
convert a continuous trait into a dichotomous one. For ex-
ample, Allison [7] classified all offspring into two groups 
according to whether or not they received the allele of in-
terest from the heterozygous parent and tested the associa-
tion by comparing the averages of these two groups. Rab-
inowitz [8] used a constant to divide the offspring into two 
groups and an index variable to define the allele transmit-
ting from parents, and constructed a test statistic for data of 
trios. However, these methods cannot deal with the general 
pedigrees that are very common in farm animals. 
In this paper, we present a pedigree disequilibrium test 
for quantitative traits, termed the QPTDT, which can deal 
with general pedigrees, especially those in farm animals. 
First, the quantitative traits were classified into two catego-
ries using two selection criteria for full-sib families and 
mixed families, and then, a kernel approach similar to, but 
theoretically superior to the PDT [6], was used. Unlike the 
PDT, which only uses the information of affected offspring, 
the QPTDT approach makes use of both the affected and 
unaffected offspring. When the affected and unaffected 
offspring are both used, the unaffected offspring also pro-
vide transmission information that can increase the power of 
the test [11,12]. 
In the following, we first describe the QPTDT approach 
and then report the results of a simulation study demon-
strating its performance compared with the existing QTDT 
[10] and PDT [6] methods, particularly with respect to the 
power of the test and type I error. The simulations also 
demonstrate how well our approach works in selective gen-
otyping design. 
1  Methods 
1.1  Data simulation 
(i) Pedigree.  The base population consisted of 20 males 
and 80 females who were unrelated to each other. Each 
male mated randomly with four females and each female 
produced four offspring with equal probability of being 
male or female. A second scenario in which each female 
produced eight offspring was also simulated. Afterward the 
initial simulation, ten non-overlapped generations were 
simulated. In each of the generations, 20 males and 80 fe-
males were selected at random as parents of the next gener-
ation. The mating strategy and the number of offspring per 
female were the same as in the base population, but mating 
between half- and full-sibs was avoided. Only the last three 
generations were used for analysis and the individuals in 
generation 8 were assumed to be unrelated and without pa-
rental information. The populations in the last three genera-
tions consisted of a series of independent three-generation 
pedigrees, each cored with a grandsire as illustrated in Fig-
ure 1. In generation 9, a female may or may not have off-
spring with a probability of 0.5. In each pedigree, the marker 
genotypes of one of the parents of a family in the previous 
generation, which is from another pedigree, may be missing 
with a probability of 0.3. 
(ii) Genotype and phenotype.  A single quantitative trait 
was simulated following the genetic mixed model, y=gQTL+ 
gploy+e, where y is the phenotypic value, gQTL is the quanti-
tative trait locus (QTL) genotypic value, gploy is the residual 
polygenic effect following N(0, 2g ) ( 2g  is the additive 
polygenic variance), and e is a random environmental effect 
following N (0, 2e ) ( 2e  is the residual variance). The QTL 
genotypic values were derived from Falconer’s model [13], 
2 22q pqa   (where 2q  is the QTL additive variance, p 
and q are the allele frequencies at the QTL, and a is the av-
erage effect of gene substitution). The minor allele fre-
quency p was set at 0.1 and 0.5 in the base population. As-
suming no dominance at the QTL, the genotypic values of 
the three QTL genotypes QQ, Qq and qq are a, 0, and –a, 
respectively.  
The genotypes of the offspring were generated according 
to the genotypes of their parents. The polygenic effect of 
offspring i with sire s and dam d was generated by 
0.5 0.5s di i i ig g g m   , where sig and dig represent the 
polygenic value of the offspring’s sire and dam, respective-
ly, and mi represents the Mendelian sampling deviation 
which follows a normal distribution N(0, 2m ) ( 2m   
20.25[(1 ) (1 )]s d af f    , where fs and fd are inbreeding 
coefficients of the sire and dam). The phenotypic value was 
generated in the same way as the individuals in the base pop-
ulation, assuming 2e  to be constant across generations. 
 
 
Figure 1  Pedigree structure used in the simulations.
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The QTL effect, expressed as a ratio of QTL variance to 
the total genetic variance 2 2QTL /q GR    2 2 2( )G q g    , 
was set at 0.10, 0.30 and 0.50. The heritability, defined as 
the ratio of the total genetic variance to the phenotypic var-
iance 2 2 2/G Ph    ( 2 2 2 2 )P q g e      , was set at 0.1 
and 0.3. The recombination rate (r) between the marker 
locus and the QTL was set at 0.50 and 0.0001. Without losing 
generality, the phenotypic variance was assumed to be 1. 
(iii) Selective genotyping design.  Selective genotyping 
is an efficient experimental design in gene mapping that can 
decrease the number of genotyped individuals to reduce the 
genotyping cost and maintain the capability of gene map-
ping [14]. In selective genotyping, only the individuals in 
the top two tails are selected; for example, for one pedigree 
with a selection proportion of 0.2, the top 10% of individu-
als with the highest performance and the bottom 10% of 
individuals with the lowest performance were selected and 
genotyped. In this study, we evaluated the performance of 
our approach in selective genotyping design by assigning 
five levels for the selection proportion, namely, 1.0, 0.8, 0.6, 
0.4 and 0.2. 
1.2  Pedigree transmission disequilibrium test for 
quantitative traits (QPTDT) 
(i) Conversion of quantitative traits to dichotomous traits.  
For a quantitative trait controlled by a QTL with alleles Q 
and q, it was assumed that the individuals with high per-
formance carry allele Q, and those with low performance 
carry allele q. Therefore, the individuals in a pedigree can 
be classified into two groups: status 1, individuals that in-
herit Q from heterozygous parent and have high phenotypic 
value; and status 2, individuals that inherit q from hetero-
zygous parent and have low phenotypic value. Lange and 
Laird [15] demonstrated that the average of the phenotypic 
value could be used to classify individuals with higher and 
lower phenotypic values into status 1 and 2, respectively. In 
the pedigree structure commonly found in farm animals, 
full-sib families and mixed families (full-sib and half-sib 
families) are very prevalent within one pedigree. Therefore 
we used the averages of full-sib and mixed families as the 
selection criterion for classifying the quantitative pheno-
types of individual animals within a pedigree. For a full-sib 
family, the animals with a performance higher than the av-
erage for this family were classified as status 1, and those 
with a performance lower than the average were status 2. 
Likewise, the animals in a mixed family were classified into 
status 1 and 2 according to whether their performance was 
higher or lower than the average for that family. These two 
classification criteria were termed full-sib family selection 
and mixed family selection respectively. 
(ii) Pedigree transmission disequilibrium test.  The di-
chotomous status 1 and 2 trait was treated as a disease trait 
with affected (status 1) and unaffected (status 2) as de-
scribed in the original transmission disequilibrium test [2]. 
According to previous studies, two types of nuclear families 
can provide linkage disequilibrium information: (1) a family 
with at least one status 1 offspring, both parents available, 
and at least one parent heterozygous for the marker being 
studied; and (2) a family with at least one discordant sibship, 
and with or without the parental information [5,6,11]. A 
discordant sibship is defined as a pair of siblings who are 
different in both phenotypic status and marker genotypes [5]. 
A pedigree was considered informative if it contained at 
least one nuclear family of either type. For any one pedigree, 
let nT and nS denote the number of the first and second type 
nuclear families, respectively. Considering a marker locus 
with two alleles M1 and M2, for the first type nuclear fami-
lies, we defined a variable (1 )( ) (T ta na tuX u N N u N     
)nuN , where u is the proportion of status 1 offspring in the 
population, Nta and Ntu are the number of times the hetero-
zygous parents transmit M1 to their status 1 and status 2 
offspring, respectively, and Nna and Nnu are the number of 
times the heterozygous parents do not transmit M1.  
Similarly, a variable S sa suX N N  was defined for the 
second type of nuclear families, where Nsa represents the 
number of allele M1 in sibs with status 1, and Nsu represents 
the number of M1 in sibs with status 2. 
For a pedigree with nT first type nuclear families and nS 
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       . (1) 
Under the null hypothesis of no association, E(XT) = 0 for 
all first type of nuclear families and E(XS) = 0 for all second 
type of nuclear families, and consequently, E(D) = 0. 
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where Di represents the combined variable for pedigree i. 
The test statistic for testing the pedigree transmission 








   , (3) 
which follows asymptotically normal distribution under the 
null hypothesis of no association. 
1.3  Permutation test 
We used a bi-allelic marker without linkage with the QTL 
(recombination rate equal to 0.5) to evaluate the capacity of 
our approach in controlling type I error, and another marker 
with complete linkage with the QTL (recombination rate 
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equal to 0.0001 to meet the requirement of QTDT) to eval-
uate the power of our approach. Strictly speaking, the test 
statistic that we proposed does not follow normal distribu-
tion, therefore, we implemented a permutation test, in which 
the phenotype value for each individual was permuted while 
the genotype remained as the original one, to construct the 
empirical distribution of QPTDT. In this study, 10000 per-
mutations were carried out. 
The computing time of the algorithms was measured in 
minutes on an IBM server (SUSE Linux 9.2 and 3 GHz In-
tel Xeon processor). 
2  Results 
We carried out a series of simulation studies to evaluate the 
performance of the proposed QPTDT approach, 100 repli-
cates were simulated in each simulation scenario. 
2.1  Comparisons of conversion methods of quantitative 
traits 
In the first step quantitative traits were converted to dichoto-
mous traits with status 1 and status 2, and the two conversion 
methods, full-sib family selection and mixed family selection 
were implemented. The efficiency of QPTDT under the two 
conversion methods is shown in Table 1. In most of the sce-
narios tested, mixed family selection performed better than 
full-sib family selection in terms of power and type I error. 
When the QTL effect was small, the power of QPTDT with 
mixed family selection was over 10% higher than with 
full-sib family selection. Moreover, mixed family selection 
controlled the type I error below the pre-assigned significance 
levels of 0.05 and 0.01, while the type I error was slightly 
inflated when the full-sib family selection was used. 
2.2  Efficiency of family size and number of pedigree 
As expected, the efficiency of our approach was improved 
by increasing the number of offspring per dam or by using 
as independent extended pedigree. As illustrated in Table 1, 
when the QTL effect level was 0.1, the power of QPTDT 
was only 0.57 when ten extended pedigrees and four off-
spring per dam were used; its power dramatically increased 
to 0.92 or 0.98 when the extended pedigrees were doubled 
or when the offspring per dam were increased. This result 
also indicated that increasing the number of offspring per 
dam was more effective, probably because more informa-
tive nuclear family trios and discordant sibships were pro-
duced. This finding is similar to the report by Martin et al. 
[16] that large pedigree could provide more information to 
improve the efficiency of the pedigree disequilibrium test. 
2.3  Comparisons of QPTDT with PDT and QTDT 
Several popular programs to deal with pedigree data are 
available. In our simulation study, we compared the QPTDT 
approach with two other popular methods QTDT [10] and 
PDT [6]. QTDT uses a regression model to test associations 
in quantitative trait analysis [10]. The main difference be-
tween PDT and our approach is that the information from 
both affected and unaffected offspring can be used in our 
approach while only affected offspring are considered by 
PDT. Although PDT can deal only with discrete traits, it can 
be implemented to deal with quantitative traits after con-
verting quantitative phenotypes using mixed family selec-
tion, as we have done in QPTDT. Table 2 shows the per-
formance of QTDT, PDT and QPTDT when three different 
combinations of MAF q (minor allele frequency) and h2 
were simulated. The results indicated that QPTDT was 
more robust and powerful than QTDT and PDT in all the 
tested scenarios; QTDT had the lowest power in detection 
of the QTL, especially in scenarios with small QTL effects. 
The power of PDT was close to the power of QPTDT; 
however, the type I error of PDT was relatively high, re-
sulting in more false positive detections. For instance, the 
type I error of PDT was 0.18 and 0.15 when the QTL effect 
was 0.1, the number of offspring per dam was four, MAF 
was 0.1 and h2 was 0.3. Generally, the QPTDT approach 
controlled the type I error below or very close to the signif-
icance level in all scenarios and, compared with PDT and 
QTDT, QPTDT had the highest power in the same scenario.
Table 1  Performance of QPTDT under the conversion methods of full-sib family selection and mixed-family selection with MAF 0.1 and h2 0.3 (based on 







α = 0.05 α = 0.01 
Power Type I error Power Type I error 
Full-sib Mixed Full-sib Mixed Full-sib Mixed Full-sib Mixed 
10 
4 
0.1 0.44 0.59 0.08 0.01 0.20 0.30 0.02 0 
0.3 0.86 0.96 0.04 0.04 0.56 0.77 0 0 
0.5 0.99 1.00 0.07 0.04 0.85 0.93 0.02 0.01 
8 
0.1 0.98 0.99 0.05 0.03 0.82 0.85 0.01 0.01 
0.3 1.00 1.00 0.07 0.06 1.00 1.00 0.04 0.02 
20 4 
0.1 0.80 0.92 0.05 0.05 0.56 0.71 0.03 0.01 
0.3 1.00 1.00 0.07 0.06 0.99 0.99 0.02 0.01 
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α = 0.05 α = 0.01 
Power Type I error Power Type I error 
QTDT PDT QPTDT QTDT PDT QPTDT QTDT PDT QPTDT QTDT PDT QPTDT 
MAF: 0.5, h2: 0.3 
10 
4 
0.1 0.50 0.85 0.96 0.12 0.14 0.04 0.26 0.50 0.67 0.02 0.04 0.01 
0.3 0.95 1.00 1.00 0.27 0.14 0.05 0.91 0.91 0.97 0.15 0.04 0.00 
8 0.1 0.98 1.00 1.00 0.32 0.04 0.03 0.87 0.99 1.00 0.14 0.00 0.00 
20 4 0.1 0.86 1.00 1.00 0.21 0.09 0.05 0.64 0.99 1.00 0.06 0.02 0.01 
MAF: 0.1, h2: 0.3 
10 
4 
0.1 0.18 0.46 0.59 0.04 0.18 0.01 0.08 0.19 0.30 0 0.01 0 
0.3 0.54 0.94 0.96 0.12 0.04 0.04 0.33 0.75 0.77 0.03 0 0.01 
8 0.1 0.53 0.94 0.99 0.15 0.06 0.03 0.36 0.78 0.85 0.02 0.01 0.01 
20 4 0.1 0.41 0.85 0.92 0.08 0.15 0.05 0.18 0.54 0.71 0.01 0.03 0.01 
MAF: 0.1, h2: 0.1 
20 4  0.05 0.16 0.45 0.55 0.03 0.16 0.06 0.09 0.21 0.29 0.01 0.02 0.00 
  0.1 0.36 0.76 0.82 0.09 0.04 0.05 0.20 0.53 0.62 0.01 0.02 0.00 
 
 
Our simulation study showed that minor allele frequency 
at the QTL influenced the performance of all three ap-
proaches, especially when the QTL effect was smaller. The 
power of QTDT, PDT and QPTDT decreased as the MAF 
decreased from 0.5 to 0.1. This decrease in power was par-
ticularly severe for QTDT; its power was decreased by 
nearly 50% in most scenarios. The heritability similarly 
affected the performance of QTDT, PDT and QPTDT as the 
power of the three approaches decreased when h2 was de-
creased from 0.3 to 0.1. Further, the three tests were not 
good at detecting small effect genes; for example, when the 
QTL effect was 0.05 and h2 was 0.1, the QTL variance was 
as low as 0.5% (Table 2), indicating that the power of 
QTDT, PDT and QPTDT was very low. 
The average computing times of QTDT, PDT and QPTDT 
for one replicate are shown in Table 3. The results show that 
QTDT was the slowest mostly because a maximum likeli-
hood method is implemented in QTDT. Particularly, QTDT 
took nearly 1.5 h to simulate the scenario of eight offspring 
per dam; PDT and QPTDT took only several seconds to 
simulate the same scenario. 
Table 3  Average computing time (min) of QTDT, PDT and QPTDT for 







QTDT PDT QPTDT 
10 
4 
0.1 31.78 0.02 0.06 
0.3 16.88 0.02 0.04 
8 0.1 99.85 0.01 0.03 
20 4 0.1 47.45 0.06 0.15 
2.4  Performance of QPTDT in selective genotyping 
design  
We simulated a series of scenarios to evaluate our QPTDT 
approach in selective genotyping design. The selection 
proportions were assigned as 1.0, 0.8, 0.6, 0.4 and 0.2. As 
shown in Table 4, in general, selective genotyping improved 
the efficiency of QPTDT compared with full genotyping 
(selection proportion equal to 1.0). Compared with the 
QTDT and PDT methods, our approach had equal or higher 
power of detecting QTL with a type I error that was below 
the significance level in most situations. For large pedigrees,  
Table 4  Performance of QPTDT in selective genotyping design with MAF 0.5 and h2 0.3 and a QTL effect of 0.1 (based on simulations of 100 replicates) 
No. pedigree No. offspring/dam Selection proportion 
Power Type I error 
α = 0.05 α = 0.01 α = 0.05 α = 0.01 
10 8 
1.0 0.99 0.85 0.03 0.01 
0.8 0.99 0.84 0.05 0.02 
0.6 1.00 0.91 0.02 0 
0.4 0.98 0.85 0.06 0.01 
0.2 0.91 0.69 0.06 0 
20 4 
1.0 0.92 0.71 0.05 0.01 
0.8 0.92 0.75 0.04 0.01 
0.6 0.90 0.65 0 0 
0.4 0.87 0.59 0.05 0 
0.2 0.54 0.22 0.01 0.01 
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for example, those with eight offspring per dam, the power 
of QPTDT at a selection proportion of 0.6 was 1.00 and 
0.91 at significance levels of 0.05 and 0.01, respectively. 
This is higher than the power obtained with full genotyping. 
When the selection proportion was 0.8 or 0.4, the selective 
genotyping performance of QPTDT was similar to its per-
formance with full genotyping. For small pedigrees, for 
example, those with four offspring per dam, the power of 
QPTDT at a selection proportion of 0.80 was close to that of 
full genotyping. However, its power decreased when less 
than 60% individuals were selected for genotyping. This 
finding indicated that large pedigrees were required for se-
lective genotyping design because they provided enough 
informative nuclear families or discordant sibships even 
when only some proportion of individuals were genotyped. 
For small pedigree, when perhaps there were no genotyped 
individuals in some informative nuclear families or no dis-
cordant sibships, the power of QPTDT was significantly 
reduced. 
3  Discussion 
Ewens et al. [17] summarized the similarities and differ-
ences of the various TDTs in a literature review. The origi-
nal TDT and most of its extensions were focused mainly on 
discrete traits, while many genetic association studies were 
concerned with quantitative traits, meaning that pedigree 
information is becoming more and more important. In an 
extension of TDT to handle pedigree information, Chen et 
al. [18] proposed a generalized disequilibrium test (GDT) to 
generalize TDT-like family-based association methods. This 
method assesses the genotype difference of all discordant 
relative pairs in a family and makes use of information be-
yond first-degree relative pairs. While it still aims to deal 
with dichotomous traits, its performance in dealing with 
quantitative traits is unknown. In this paper, we proposed a 
new approach, QPTDT, to handle quantitative traits. In ad-
dition to the conversion of quantitative traits to discrete 
ones, the kernel of our approach is a modification of the 
pedigree disequilibrium test (PDT) proposed by Martin et al. 
[6]. PDT only makes use of information from affected off-
spring in nuclear families because, like the original TDT, it 
has mainly been applied to investigate rare diseases. How-
ever, for common disorders, unaffected offspring can also 
contribute information [12]. We have used the information 
from both affected and unaffected offspring in the QPTDT 
approach. The results of our simulation studies show that 
the power of the test can be improved and false positive 
detections can be controlled by taking both affected and 
unaffected statuses into account. In most of the simulated 
situations, our approach outperformed PDT.  
One possible novelty of our approach is the conversion 
of quantitative traits to binary traits. This concept arose 
mainly from the knowledge that TDT is more powerful in 
dealing with dichotomous traits [2]; however, splitting con-
tinuous data into two discrete groups risks the loss of infor-
mation which could result in the substantial loss of power. To 
assess this possibility, we compared our approach with the 
general linear model-based method QTDT [10] in which a 
regression model is used to test association in quantitative 
trait analysis. Compared with QTDT, our approach per-
formed better with higher power and lower type I error, 
especially in the scenarios of small QTL effects and low 
MAF. Lange and Laird [15] treated sibs in the top 10% tail 
as affected and those in the lower 10% tail as unaffected in 
their simulation study of quantitative trait, and found that 
program FBAT and PDT approach performed better than 
QTDT. Moreover, QTDT requires a lot more computer time 
than the other methods, which makes its use prohibitive 
especially when dealing with a large number of makers. 
Instead of using the method of Lange and Laird [15] to as-
sign status, we used the average of the phenotypic value to 
group all individuals into either status 1 or status 2; some 
individuals with phenotypic values close to the average 
might easily be assigned the wrong status. To overcome this 
possibility, we implemented a selective genotyping design 
in QPTDT and only individuals in the top and lower tails 
were assigned statuses. Our results showed that selective 
genotyping improved the performance of our approach. 
Laird and Lange [1] reported that the allele frequency of 
a causative gene affected the power of the case-control and 
trios designs; in general, low power occurred when there 
was low MAF in the causative gene. Our study confirmed 
this point. The QTL effect is another important factor that 
influences the performance of QTDT, PDT and QPTDT. 
Our study demonstrated that the three tests were not so 
powerful in detecting small gene effects. In future studies, it 
will be challenging to modify these methods to study quan-
titative traits underlying small genetic effects. 
We evaluated the performance of our approach in selec-
tive genotyping design. For large pedigrees, selective geno-
typing design performed as well as or better than full geno-
typing design when more than 40% of the individuals in the 
two tails were genotyped. Therefore, it is reasonable to ap-
ply a selective genotyping strategy in the QPTDT approach 
that we have proposed. However, for small pedigrees, the 
selective genotyping designs only performed as well as or 
better than the full genotyping design when more than 80% 
of the individuals in the two tails were genotyped. Selective 
genotyping design assumes that individuals with the higher 
performance carry allele Q, while those with the lower per-
formance carry allele q. This assumption is in accordance 
with the classification of the quantitative phenotypes into 
two categories. The accuracy of the classification can be 
improved when only individuals in the higher and lower 
tails are selected to be genotyped, because, when all the 
individuals are used, those with phenotypes close to the 
average may carry either allele Q or q, leading to their pos-
sible misclassification. The transmission disequilibrium test 
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is seriously affected by misclassification [1]. A similar 
study was conducted by Lange and Laird [15] who com-
pared the performance of program FBAT when different 
sample proportions were chosen. They found that when the 
scenario of top 10% tail and lower 10% tail was used, 
FBAT had the highest power; the power reduced with the 
top 10% tail and lower 30% tail, and with the full genotyp-
ing sample. 
Our simulation study also implied that selective geno-
typing was more effective for large pedigrees. For small 
pedigrees, although selective genotyping improved the ac-
curacy of the classification, it probably reduced the number 
of informative nuclear families and discordant sibships. It is 
difficult to select the best balance point for implementation 
of selective genotyping. According to our study, it is not 
recommended to apply selective genotyping to pedigrees 
with an average of less than four offspring per dam, because 
the number of available informative families may not be 
enough to produce accurate results. 
In this study, single marker analysis was carried out. For 
multiple tightly-linked markers, two options are currently 
available: the haplotype-based test and the multiple-single 
marker test. Tightly-linked markers could be regarded as a 
single marker because only a few recombination events oc-
cur among them and the haplotypes could be handled as 
alleles. In haplotype-based tests multiple markers are ana-
lyzed simultaneously which provides more genetic infor-
mation; therefore, this test should be more powerful than 
single-point analysis [19]. However, some researchers have 
argued that single marker analysis is comparable to multiple 
marker analysis [20]. QPTDT can be extended for haplo-
type-based analysis. In this study, we have developed a test 
statistic for markers (e.g. SNPs) with only two alleles. For 
haplotype-based analysis, the Zmax approach [5] can be 
applied in QPTDT. Suppose that there are k haplotypes (H1, 
H2,..., Hk) for multiple linked markers. If the transmission 
of haplotype H1 is considered, then H1 is assumed to be one 
allele and all other haplotypes are grouped as ‘non-H1’. 
QPTDT can now be performed in the same way as for a 
single SNP. This procedure should be repeated for each of 
the k–1 haplotypes, and then the test statistic with the larg-
est absolute value (Zmax) among the k values is chosen as 
the final test statistic. Alternatively, a multiple single- 
marker test could be used for multiple marker analysis; 
however, a series of demanding issues such as numerous 
hypothesis-testing would need to be explored. 
In farm animals, large half-sib families (e.g. in cattle) or 
full-sib families (e.g. in pigs) and overlapping generations 
are common. Therefore, extended pedigrees can be easily 
obtained. An attractive advantage of our QPTDT approach 
is its ability to handle population admixture and population 
stratification which are usually important sources of false 
positive associations. The QPTDT approach can be im-
proved when data from different sources, for example, dif-
ferent breeds or different lines in farm animals are used. 
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